Abstract-The VCSEL light transmission module, whose array was 12 spacing 250μm laser launcher, combine 12 array waveguide belts and the receive module to form the parallel optical interconnection. For achieving an efficient optical interconnection, how to make the light coupling pass in/out waveguide has become an important work. The micro optical steering coupler, which is composed of micro-lens arrays and miniature right-angle prisms, could reduce the loss in optical transmission, improve the light 900 turning coupling efficiency, and reduce the spatial volume effectively. Here, a method using Collins formula was put forward, aiming to analyze prism couple and waveguide propagation 900 turning coupling; meanwhile, the optical performance of the micro optical steering coupler based on this method was analyzed. The simulation results indicate that micro coupler can enhances the efficiency of optical transmission and turning coupling.
INTRODUCTION With the development of high speed optical interconnection[1~3]technique, optical waveguide[4~7]
have been playing a very important role in the development of integrated optics. The VCSEL light transmission module, whose array has 12 laser launchers with 250μm spacing, has been widely applied in the commercial field. These components combine 12 array waveguide belts and the receive module to form the parallel optical interconnection. With a view to accomplishing an efficient optical interconnection, how to make the light coupling pass in/out waveguide has become a significant work. In this work, the beam from VCSEL array can be coupled in waveguide and the light from waveguide can be coupled out to detector (Fig.1) . Several common coupling steering methods are 450 reflectors [8, 9] , binary optical device [10, 11] and waveguide grating coupler. The waveguide grating coupler[12~14] which makes a grating device directly on the waveguide achieves an advantage in reducing the size and weight of optical system. As the sketch map and real photos of the micro optical steering coupler (MOSC) are shown in Fig.2 , MOSC is composed of micro lens arrays (Plano convex lens) and miniature rectangular prisms. The entire space size of MOSC is 2.6mm×6.4mm×0.8mm with the lens diameter in micro-lens arrays of 250μm and the arrays interval of 250μm. The slope of right-angle prism was plated with gold reflective film, whose intensity reflectivity is up to 99%. The optical transmission loss in this component is very low. The principle of optical coupling steering by MOSC is shown in Fig.3 . Light from VCSEL array or waveguide array was focused and collimated by the first micro-lens arrays, and then a 900 turn was accomplished by the total reflection of the micro right angle prism. Finally, light arrive to the waveguide array or detector array through the second micro-lens arrays.
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Therefore, MOSC could reduce the loss in optical transmission, improve the light 900 turning coupling efficiency, reduce the spatial volume effectively, and integrate waveguides and electronic components to form photoelectric systems. Here, a method using Collins formula was put forward, aiming to analyze prism couple and waveguide propagation 900 turning coupling; meanwhile, the optical performance of MOSC based on this method was analyzed. The simulation results indicate that micro-component can enhances the efficiency of both optical transmission and turning coupling.
II. THE PARAXIAL OPTICAL SYSTEM AND COLLINS FORMULA
According to the matrix optical theory [15] , the optical characteristics of an axisymmetric paraxial optical system can be described by a 2×2 matrix
The common optical system in geometric optics is usually composed of lens, reflection mirror, interface between two different media, homogeneous or inhomogeneous medium etc. As long as we can simulate the track of a paraxial ray, the performance of the optical system could be confirmed.
Let z axis is the optical axis of an optical system, the intersection of the simulated light and the z plane is (x1， yl) in z = z1 plane. The tangent direction cosine of light are α1, β1 and As shown by the upper formula, in general paraxial optical systems, the output light parameter is the transformation of the input light parameter by a 4 × 4 matrix M through linear approximation. M is called the transformation matrix of optical system. Every optical component or the transmission medium between components can be regarded as a simple suboptical system; all of them have their corresponding transformation matrix. When an optical system is composed of N components, the transformation matrix of the whole system can be express as:
The transformation matrix of every common optical component can be easily set up in accordance to ray tracing and paraxial geometrical optical theory.
Extending from Fresnel theory of diffraction approximation, combined with the matrix optics, Collins derived Fresnel diffraction formula of axisymmetric paraxial system -Collins formula, which established the mathematics relation between the matrix element ABCD of axial symmetric paraxial systems and the diffraction optical computing.
Neglecting the diffraction limit of optical systems, Collins derived the following formula [16] . As shown in Fig.4 , the problem of light transmitting in MOSC can be considered as light wave transmitted a certain distance L through the lens F1 focusing and injected through lens F2 focusing. Considering the light incident plane as a reference plane P1 and the light receiving planes as a reference plane P2, P1 and P2 constitute a paraxial imaging system, whose transformation matrix elements is given by the ABCD system. The relationship between the incident plane P1 wave field U1(x1, y1) and the receiving planes P2 wave field U2(x2, y2) satisfies the Collins formula (3). ABCD matrix is: The relationship between the output light amplitude and the lens focal length is shown in Fig.5 . Improper selection of focal length not only cannot focus light rays, but also disperse the energy. By means of calculation, when the lens focal length is 1mm, the best energy focus can be achieved and the 3D images of the output light focusing spot with two different focal lengths are shown in Fig. 6 . Assuming the optical field distribution on the incident plane follows a Gauss distribution, the comparison of amplitude of the input (dotted line) and output (solid line) light through MOSC is shown in Fig.8 . Obviously, energy of the light though MOSC is focused in a smaller range. The 3D images of the input and output light amplitude are shown in Fig.8 .
The output light from the source is sent into the MOSC and focused by the lens F1 and F2. After propagating a distance z, the light enters the detector. The ABCD matrix is: The light amplitude gathered in the detector changes with the distance z between the detector and lens F2. As shown in Figure 10 , the relative intensity will decline as soon as the distance z is more than 1mm. So the detectors should be placed in a suitable location to get the best energy coupling. The relationship between the output light amplitude and distance z is shown in Fig.9 and the corresponding 3D images are shown in Fig.10 . Figure 11 . The schematic diagram of the optical wave field transmission through the turning coupling component Fig.11 shows that, if the light emitted from the source is spherical wave, it can be regarded as a negative lens F placed near the light source, and the focal length of negative lens F is -d. The ABCD matrix is: When the optical beam emitted from the light source is expanded by a negative lens, the center beam intensity will decrease. But the energy can be focused again after propagating through MOSC, which is shown in Fig.12 . Curve 1 is the input light amplitude distribution; curve 2 is the light amplitude distribution after negative lens; curve 3 is the light amplitude distribution after MOSC.
IV. CONCLUSIONS
In this paper, a method using Collins formula was put forward, aiming to analyze prism couple and waveguide propagation 90 0 turning coupling; meanwhile, the optical performance of MOSC based on this method was analyzed. The simulation results indicate that microcomponent can reduce the coupling loss during the optical energy transmission effectively, and it is estimated that the coupling efficiency can be enhanced to 78% theoretically.
